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CD e 0 f J- ^ ^ 11 ^ t;: jfS c T iS -a M ^ ^ n § o * /c . ^ :7 ^ ^ x yy ^ cd f^c ^ o t }s fet yy ^ so 

^ IS Ri^ ^ , t.^ -rn (D 7y 3^ ^ s ^ ±^ ft (.^ T . — ^jx; ny x x ^o t l r x 4^ x ^§^ hi 

^ +y X #J ^ ffl 1/^ § d t cfc «3 . H CD A ifi] 6 -r. m CD WUIC to T . X U - s 

:^j'-rFT-cD^#f^^^. ^m^y ^ (D^^^i(\imT ^ . ± ^ u ^ 3 y y ¥ mmmm ;U ^ 

^ 7^ h X -z) m iz mm^ =s> ^ tti''-^-^^ ^ h ^ n. ,4^, l fc „ s . m cd x m § - 
-ty X X CD ^ a « i6 T ^ ^ t /S: D . Jij - ^ « fia ^ iS * 3fi -e ^ ^ ii i: ^ M m b yc „ 

[ 0 0 2 2 ] 

. ± CD J; ^ ic - -9- X X M Iffi L ye lix^ ^- IS » m M L T . X ny X X M * f J" S ^ ^ 
Xi^-9- X X5QJB:&fT -9 o * 5fiPJ!TXi , e: cd X @ K «3 T ^ ffii S ^)^^ 5 0 0 % ± cD — 40 
yj-XX^J^ffli/^^il LT(/^^„ 

Sa < ^ »T * n yc 3 ^y :/ F ^ ^ li m K & T . ^ ;?)^~ ;a < § li Bd f£n ?a ^ r 
SijnLiii<^D. S3g*^Sjg^cDf5tifflD^(c-^cDj^ffi;&|ftJ^t-§;iii;!>mifi^1WipitcS^ 

o CD c: t a t$ A 0 {J- feJi ^ ft IS m *5 T gl ^ ^ * ?S PS « (i X +J- X X so ® J5 

M tf^ fiic fc « a L yciA" m . fiSc ^ n § li' M CD jg . it fc ^ # a >*xt v^ x ^^^^ -9- x x so 

ffl ^ o t j; D . * B jK * iis *i m CD tf^ SI S t4 7b^' ^ * ITJ ffi fc n ^ cl ^ m m L yc „ 
[ 0 0 2 3 ] 

X +y X X M li IP. ft: T S )M * Jf^ b . ,« If. ^ ± ^ # ^ -ty § « f» T 1/^ § i: J#: 
^ ^ n ^ o ^ L T . X -9- X X Sa il m s iyi ir X IS II T # ^ n ^ ^ a ^y X F fe^ ^ « IS m {C 

43 T . X -f ^ y X F CD 1^ ^ X +J- X X sij CD M » ;j m ^ 5 n yc ft t /S; o T (/^ 50 
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§ ® ti § o * /c . 2^ 56 « fi: . mms:(Dm^^^ B y y V i^mmm^ic$> -D tit. ^ © 

MMJjii. :7 Y V > h © ,m ^ ^ J; 0 . ^ ^ xm(Dmmjji^ ^ ^mm!^o:>mi&.mmK 

j; § t - 5 :^ # 1/^ t # X. fc o L T . ' ® J; •J ^ i; ^ H L T 1^ SI- ^ o fcIS 55 . ■. 
^t X ffl © )S )K ft fi'< $ (.^ t . K ^ ,« IB ® if X & ^ X IM !C *5 T W * tt © ■& 

c n ^ CD fi3 mf^^ ^ \^ m < ^ ^ t ^ m m L Tc o 

[ 0 0 2 4 ] 

^ . rA^f xm (o m'A t \. '€ . mi^micii. 7\<^'emw'e ^ . is.mi^!S. ( w ft 

)^ ) :^)'! 5 0 0 % J-Ji ± IS < . S IM # 45 tt W /J^ ? /J< 14 U ^ ^ )JN ( B ) £3 

j1 -e § c t >i m L „ )S )ji fii i:^ jo^^ 5 o o % j-:^. ± i? s ^ ii . a m m m n i» ± 14 fjg 10 

& n § o S . i£ J3M JS 6 0 0 % ± T * § i: Ti'' J; 0 S L o 3; . M © 1 0 0 
% # 14 ^ l^'! 1 2 0 k g f / c m ^ J-X T § d i: ;^)^ $f * L < . 7 0 kg f / c m ^ J-X T "t? 
§ C <J; D iff ^ Ll,^ o ,6^ ^ © 1 0 0 %^i±mti'i I 2 0 k g f / c m ^ Ji:.( h' T? n {i\ 

[ 0 0 2 5 ] 

cl cl . tK '14 J}^ U U ^ > ® Ig ( B ) ^ L T (i . a: — -f ;P . x X ;V ^ . — ^ — h 
^ . Z - h 3S ^ # fij Pfi < >W 1/^ ^ ;?)^ # ^ o S fc . 7K 14 S ^ i.^ ?]< 5)- fiS( It 

(/J<ai V 3 © -f ti * ffl (/■> T S t/^ o 

s fc . 7j< ^j- iS[ 11 <!; L T « . i a ¥-L ft ^ ^ s ?-L fb ^ •& o ftiij fiit^ y<Di^^ m^^^ 20 

T o 

s a ?L ^ -r :/ ® 'J u ^ y # Bg ( b ) t lx it. u ^7 ^ ^ v as * 1 7j< t © ij ^ii 14 

T^^^^^if e>nSo r.:^^V ^ XMiciy ^ y y y V y (C) ^^ijur?. 

:i ^ ;^)^ ^ . ^ > -y U > 30 ( C) © » fisij L . x ;P 3 > S: 14 n § 7 

5t MfLfk ^ :7° >|J § fLfbM i: L T H . T^;tVlS. 5^ :t > ^ © ^" tl 

^ ffl T (.^ :^)^\ - Itia 0<) ^ >> U ^ > ^ ?L ft 1? & § y - ;t > ^ I Wi: T - ;t > ^ 

jiTfe^o *7c^ Jig -e . -^^^xmic. i/ =7 y fj V f y (O ^^ijut-^ so 

h-h-^^. / y^^^^^ii. / y / r y V'^<=f%.n'' . y y ts y -f ^) y m (dm 

m^Wmi^ . X ;l/ 3 > ^ S 14 S W ^ i; p. # tc ^tf jg T S o 

^ s 4^ U P ^ > fe^ IJg © 41 -e t> ISI ^ tt ^ :/ ^ ffl 1^ § C ^ hie Jf^ n"n © it fl^ 14 ^ X © 

[ 0 0 2 6 ] 

^ . ^ -^t ^ X 3J ^ iffl S -r § 1^ td « . U 't? ^ > W Hg 7j< ?g r|g ^ i-^ ?]< ^> gS( m m ( i-X 
h\ ^- {C ^) "0 \y ^ y mm. h -)f%t o ) * W( ^s|- >4J ;s t ;!3^ ^tf ^ L (/^ U -j? ?ff 

r« tfi , X 4^ * ^ m i: Jg IS 14 ^ § fe- iJi « * o hJc ^ ^ <1 ?)S i: T 43 < ci i: ^^j'? $T $ 

L o c: n . - x M IE 0 . j^m'mm^^m \ri H ^ ^ ^ Tc :r. m m h (J) u 

)5S 14 ^ W § 46 ^ § o r = y :^ i7 ^ * 7^ y > ^ij ^ ^ ffl § cl t tc j; 0 . 1^ * Si 40 
mMa:)^mKU^.^ ^ ymmm^-t%'^m^ ^ . :ft^14^ ^ KT^ ^ d (±i:^^T^ 

a& 0 ^ yt^ ?g *5 T t> >W nf & ^ o L L i& P, . ^ X ^ rfi K , 4< S S © S 14 
fe'fJga^f: -r ^ hJt^:^)^^#ft-r ^ <i i: IS IS Jg JS © M ® ^ Iffl -g "T ^ St ti ^^j'^ ^ fc i6 . ^ij- * 

L < ^ c, 

§ 4^ 'J >i7 W ^ y ?§ m <!; L T (A , y * > ^ fb ^ iS © 7j< ft P ^ > W S@ 7^ F ^ 

'J — X(HW-301. 311. 312B. 337. 111. 112. 920. 930. 

9 3 5 . 9 4 0 . A P - 7 0 . ;J-x >■ ^y ^ 1 9 4 0 N S . 2 2 I 0^ . 7i Hmit'fm.^ 

t}]y^Jy\2-00A^ 0 0 7. 0 0 9. 7^-rx;m-r>:/'^x — ;I/DLSt|:^)^^tfe)n^ 



o 

[ 0 0 2 7 ] 



50 
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1 0 0 H M % L T , 7 0 — 9 9 nM % 'C 3b ^ ' t tiHi" ^ L o 

en {± . 7j< 'tt u ^ u ^ > «t Hg fijc >oK mmmmMoym m -a © ^ w is 91 ^ .m l t § d 

[ 0 0 2 8 ] 

* f= . ^^mmmic^i^T . v ^ u ^ mm(D & m^mit . ult <d j;: ^ l x m'^-r ^ ^ 

CO t'4- 10 
S -r . ^ X ± .1-° U U- ^ > i§ * ftS < # L ^ e m * b . g fc T 2 0 R?- ift H 
LTi^MSd^S^-fi. ?ltiS^14 0°C-e5:^>rhgi'^:S^-y:T. MfflOO-SOOjiimOi^ 
m ^ X m ± m lii.t ?> o C (D&imt)^ ^ 1 0 0mmftx2 0 m m m (O Um )^ ^ ^ Hi L . 

o 

[ 0 0 2 9 ] 

* fc . * 18 . - -9- ^ X fc. h 3C Sic ^> ( B ) (Dm. FJf All a ® ^ > >y :/ 'J > 

ffl (c) ^Eifr-t ^ c t ^^w. t hx ^ o s fc. 1 acD ^ >' * >y :/ u V i^'^j ^ q^-?s-e 

ffl (/^ § -fin . 2 12 Ji^ ± * ^J=^^ L T ffl § C t T? ^ § „ 

Jig 53- ( C ) <!; b T « . y >y ^ U y M CD 1 s # t;: x .-K ^ >- i/ ^ > . T = y >- 20 
^ >- , tr X ;l/ ;^)^^ ^if ig T ^ o X 4^ ^ ^ > 43 T ^ ^ > ft ^ #1 © X .i^ 

* S ^: L T . 'J ;V S . Bg x ^ S ^1 5^)^ iff jfi -j? D . ti^ ts^ V ^ y ts ^ 
';>'^'ffli;LTtt, Bvtv:rL-;tf — (^)ScDA-186. A-187. AZ-6137. 
A Z - 6 1 6 5 ^ (* 0^ ^ If ?b n ^ „ ^ . T ^ 7 ^ > ^ t L T ti: . 1 fj!^ T 5 > . 

00^ A-I 1 10^ A-1 120^ Y-9669^ A— 1 160^:^)^flr'(4:W(c^tfP,n 

^ o S fc . e - ^ y ^ L T a . tr r. ;P a . >< U ;V S ^ W § ® £f P. tl . 
gyKrt-*— (^*)S®A-151. A— 171. A— 172. A-2171. A-17 

4 . Y - 9 9 3 6 . A Z - 6 1 3 4 ^ f* ^ P) n ^ o 

[ 0 0 3 0 ] 30 

y ^ y ^ vf'} y f m ^ ,x ,« IS {t ^ ^ *^ o M ±1 te ?|J ffl ^ n t i/^ ^ * fg Hf^ ^- \t . 

nj- ffi it IS flg ;^ -x- h U ^' X M t f ^ ^ * ,« m ft ^fi ft k>\ !- *3 l.^ T . ^ ^n^^U^. 
? s ^ M 14 M n ^ ^ M ^ § CD fC IJ: ?i? a T ^ C i; ^ M m L „ * 43 . ^ 

)K * « It ft i=g €r W T- a s ffl t.^ ^ T h U ^ X ffi IB tc j; o T ^ ® Jij :S CD it S ^ ^ il 
K*»i»SSJ; D fet?L5v h U ^X©iei:£Dffl^ftiffl{c^t^Ti/^StcDi:«^ 

* n § o 

[ 0 0 3 1 ] 

y -J y ^-m ( c) CD ^ ibu a t± s - Y X M cd 7j< 51- © e j^g i> a ( m m ^3- a 

) 1 0 0 S S % L T . 1 . 0 — 1 0 H S % ^ C 7b^ S L < s 2 ~ 6 S a % 40 

5 o i: i; 0 ^ S L 1/^ o ^ An H . 0 M S % J-;( K "t? n tf. v > -y X U > ^0 ( C 
) cD^i;nfcJ;;s^ftMcD^^M1^tt[fi]±x)jm3^)'«?g5I-r§o -77. l OHS%^®x.^J:, ^> 

[ 0 0 3 2 ] 

-i^-9--r X^iJOff «^i\:{i#(c|5i;al^n^ cD-e(±^ < . r.:k^ ^ Xm^icu- ;V(D — t^ 

yox^. mmmm!U=& \M.m~ yx +i- ^ x §y * m m ^ -ti: . cd ^ is d r ^ ^y x n - 
M M 5 ^± T { J- s a ^ ^ij ^5^I t- ^ i^s yj ^ ^ if n ^ o + t- t> ^ ^y ^ n - ;y /i 5^ jS -r- 
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f J- S a ^ m i^i flifj ffll O « iiS ?!)^ iRf t $? M T- S § o 
[ 0 0 3 3 ] 

^ fc . - :k^f X mmm (o mmmm^ 1 0 0 nm % ic n -r ^ -A^f xm(D # m- m 7k u 

© fiic a 1 ~ 5 H a % (c § J; 5 ic ftfiJ -r ^ C i: i(f * L V ^ o -"i" X Si) © S a 

1 K M % * f± . ^ (D W I'. S tf M I. S :f3 l/^ T |- * « >U 14 Jb^^ f5 6 n . il f#. 
WiJ n ^ ^ 35 56 ^ L s ^ « K A W h ^ '/ ;^ % 5: ^ ^ fS n ;^)^^ § o - J'J . f J' S S 75"^^ 5 

K a % ^ ® ^ s i: . mm )i t>^^ < rs. ^ tcii>'ih(D j:n<r)mmnAt t rs :^ (D (D . w\^m 

T (D M Hg -\ CD - ^ 57^ S5( il L < ^ D . fig b°o © ffi 4< ^ , 5?^ «5( 9i ( c d; ^ 41 M tt ® 
<fi T ^ fri < § o 

[ 0 0 3 4 ] 10 

< ^3 rr X S > 

^^mic^isif ^mm v.mt. a< ^ ^ik'^y x m (d Mm -mti \c ^ ^ m.mm m. © » ^" * 

f ij ffl L fc t> ® & § o 
[ 0 0 3 5 ] 

mw\^(Dmmmm^<Dum^mii . ^ 7j< ^ 2 o ~ 5 o h a % s l < , 2 5 ~ 4 0 s 

a % J; «9 $T * L „ ^ /J< 45 2 0 M tt % * Ml? . 13] »t ,« 'm m n ^ 515 ^ ^fe L ^ 

t" < * ^ s n ;!)^ § o s . ^yk^-ti^ 5 0 nWk%^mx ^ h . mm^m \c 7kii^Mm\c h ^ 20 

L fc SI i: ^ ^ fc 46 . tK O a B !S ;j J; D K * «^ S 5tL < m L . ^ X ti y V 

^(DUih^ K) <D^f¥.m.m.if-m < rs::^^^n-h^&^ . htzt^-ox. 5fe©-5>:-9--r x^afix??. 

*5 T . y\^i;i'A-(DfR'7^mmt.i^n^'^mm\.xmmt^z.h\c^<o. m < t;] Bf x im tc ^ 

T ^ * $i >U * CO /J< M 2 0 - 5 0 K M % ^ n § C i: fi # 'c? § „ S . ^ 

(c . - -It -r X sij ® f>j- s a ;^3^ uu ai © ^iP < 1 ~ 5 ft s % * ^ dc ^ — -f x su co s ^ 

s -r ^ i2?> s ^ o ^ . s c T , -g- 7j< ^ ^ iffl ^ -r ^ 46 s ftp? tfr ft 7j< - 
^t -f X sin- J; § iE in Mi li ^ t-f o T a t/^ o 

[ 0 0 3 6 ] 

^ »f 7a j:^: L T W t;: §ij * 1^ n - ^ U - - 73 j:^ ^ $T- 3a 1? S § o * . m 

W\rA(OmmS: i^^^ ^ f V )^mmm&^ tLTt*2~l 5mm:?)^^$?*L<. 6~1 2mm 30 

J; D ^ff ^ b I- V, n - ^ U - 'y ^ - 7j S (i ^ ffl ^ ^ B cD eB 5fe PB ^ li fiH "T ^ ;i ^: 

[ 0 0 3 7 ] 

tc fe^ m m mti^m^ f^j- t }» fi^ ^ tc ^ o fc o . rr © jt:? ^ ^ c fc o ^ ^ © t . « 

IS ^ /¥ ^ » i.^ ^ ^- ?|J -e S „ * fc . K- * « It ^ CD a 1 . 5 g / m S CD i; B M K * 

ii,fimcD®f^. M^iiiim^T^ § fcttM«^4±. a li ^ T •. ^t -f x sij ^ Kg - 

7\~'m^m^^x . ~yK^ 4 X '^mT.n m (D mtmmmM (D / f,^ :K ^ < ^ ^ ^ (c 

HiiJ L ^ /O^ 6 . ^^oHt-YXMilt^cDijii^aiilimK^^HWtcMO cD^tt^,^ ^ (C;32t^^-&i, 40 
[ 0 0 3 8 ] 

fc L ^ d t ) . B f* W {c (i m ips / 1? 3 ly. ±\zrj^ ^ ^ ^ icm.m^mmt ^ 

bt/-^ „ ^ ifi / J¥ 7b^ 3 i-::^ h -e § . o — ^ U — ;^ -y ^ — -e CD t;j l*Jf X CD ^ X ;^ -y h ^'i 

»fB#cD5X*>y hfi^CSK^^tcDO. ;?:*;?)n^<%D'r€'T^BfmfcM^)^li^cDiffi 

*ij n ^ b < * D . ft CD r. @ ii M 14 fb § s n $> § „ ^ . ± r ft * « is ^ * 

H ffl -r M It < l£ T i?] rr -r § !C . im !C m 11 TTJ ;5: fe^ ^- li il 7^ gjr /> ^ ^ ^ 

CD M f> ^> ^ W 5 rclsblc^ -y — CD Ja It § 0^ M fi IS CD ft It ^ if <es S i: D ^ IS ft 50 
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ffi ® ft # ^ ^ M 59) ¥ © T * ?g < s n § o Ltcti^-^x. ^mxms^t)^ 3 - 1 o t § 

^ Ku — ^ V — ^ -J ^ — KHM-r ^ -i K © ^ 95 ffi L . ^3 -y y" V K K It ^ © ^ m 

^mmt ^ - tfi'-iif^ Li-^. jS: 4o . f-^^ © - t P. H M * ffi m t^: S o T £± . K * 

l« m W, f:}'^ )K o T *3 D . u — ^ V — i:] y ^ — (D M ^ K fc *3 (.^ T (i . « ii S5 Iff 0 ^ ti 
/£:(:^cM<5:^S/c:i6. :JiHl^ ^ m < >i> :fs \^ ic mm-T ^ C t ic >i> „ 
[ 0 0 3 9 ] 

< ;fei X f?. > 

tc . »T m ® 5^ 3 >y 7° K M ^ « ffi ^ ^ ^ *s -r ^ o ^m:^m t m ^ *s ^ ^ 

-fY'tnmmm>um±ff)mm^\ifj±'r^rz^^ic. mm^ ^tc « gn? ff 5^ l ^ 'js ^ ti- ^ 10 

H t ^ *5 . # Flip CD ib € ^ ^ . ft fffi WiJ ti ;^)^^ 5S ^fe L ® < ^ D . ^ (ig / 

m^^^ 3 ^m<D ^ 3 y hiMmmM(Dm^^^^ < rs ^ ^ mwjfi^mT ^ t . mmm 
* . m i&^t^ ntzi" 3 -y y V mmmm^m^'^'m n tt t * < . mi (d 

M 0 ^ S. < f- ^ fc i6 (c . ^> ^ if) « ± * }X ? -tt ^ 5^^^ P> . IS Si -r cl t J; 0 $f 

S L o S . M ?il |Aj ± 5 i> fc 46 . /5S ift 1^ ^ « ffi aj # IS ^ W M L T S 

[ 0 0 4 0 ] 

* 5g ^ 3 >y ^ F jfefe ^- liE ^ & t; ^ CD B 7j t n «' . SI g ^ 14 « tx . « « ft S 20 

K ig X iM CD ^ ^ f t . S5 s ft ^ ^ S3 § ii ^^j-? -e ^ . mm.Mhtioimxnm^jimm^'^iiimn 

[ 0 0 4 1 ] 

A>^^m(D^ 3 y f mmmm^^M^f^i mi±mm tum^ ^ ' t ic ^ ^ ^ is m © nj m it 
mnnrnf^m^mm^ ^ c tt)^x ^ . c d -e . A<?im(D ^ 3 y -f ¥ mmmmM^n mmic 
mt^ L mm mi^m m t um L X ly y h f t l . * bjj © #a w ^ 14 ^ m m ^ * § u 

^yh^#§^^5?)^'$f*H/^o S/c. *5BP^©I^Tij^'ffiftHiB^;ig!t^;&*fmcEJT$?4^©^Jn© 30 

# o 

[ 0 0 4 2 ] 

Hjj (D Si Hi ^ f4 ^ )JB ffi * sw ® ^ -3 T a . mhSim<Dm.M I o ommxicml 

X . i^5^m(D=^ 3 y y° V i^MmmM<Dni^m^ 5 4 0 nm.% t-r ^ c. tti^tijm L-i-^o * 
%m<D=^ 3 y V kimmm^cDm^m^ 5 m.m% lyL t t-r^^it^^^. ^3 7° f k * 
mmMomwic j;^ ^j^ms,(Dmmmi±t^±'^)]^fi^wi^ic^M'r s 4 0 h m % ^ s 

^^ii. ^nJ.;(±©^^;^)^?5&n^i/^iiftte:. '^lx>yFMigiSf©i:@^A^14;^)nfi:TL. 

U'^y F©i!i?tt-&^asK*^*^^u. jigj^a©iass^i3i7b^Mft-r^sn3b^^$.^o 

[ 0 0 4 3 ] 40 

:^%mxmi^^ ^mmmn.mm t hx nic m pi (± ^ =.^k^-f x m (o^.m x&^ 
^ ymm ( B ) h © ^ © «B 3?)^ p. . u * - ^ - F fli . a b s m 3g , a 
smm. p o M ^ , V }£ u >mm. p p s s m . p e s ^ ijn . p e i ^ ij^ . -r^ 

[ 0 0 4 4 ] 

^^m(D mm mn.m mm !&mRxsi&mshi±. *^h^©^3 y vi^iMmmM^fm^^x^^^ 

[ 0 0 4 5 ] 

[ m m m ] 

:kK. * f8 Hi! f^ § :^ Sis f?J & tk $3i f^J o T sfS yj! -r ^ o 50 
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[ 0 0 4 6 ] 

immm I - 5 . it m m i ~ 7 ) 

U T U ;H« H % 14 i: § 1 2 0 0 0 4^ X 5 0 0 0 0 © :7 ^' -7 ;^ :/ h J; D 'S: ^ TfJ 

D 46 !c. M o * m ffi ^ tc - Y X m ^ f J- s 2 -a- ^ - +J- -r X ® ffl ^ w ^ m m 

. y fc # m '9 31 Ift K * It ^ ^ # /c u Xm t L T T fi fig ® ai 4-° ^ ^ 

^ xm^mmL Mi^fco ^*5, it ^ f^ij 4 -e a ^ c © jjii a ^ ^ -r. ;^©xiMtc}g46fco 

• v' ^ / X 4^ i/ U > C ) M r i - h 8 2 8 J 5 0 K M gP 10 

• >>M' > X 4^ u > ( ) M r X If n - h 1 0 0 1 J 3 0 H a 
#L ^iJ 

fc ^t . - :^ ^ X m ^ H ^ ^ ^ ^ X mm^ -D Tc . ~:kv- ^ X m t Lrii. 6 mm 

® -It ^ X ^ij a ~ f ,M M L T ffl fc o ^ - +>- -r X gij ® m & t( 14 a 1 /T^ -r o ^ *3 

. ffl {c o T (i tK ^> a ^ Hi s L . - -9- ^ X jg s ^ s L „ s fc . - 3^ « so ^ 

<^ ^ * § 77 t L T . K IB CD -rn ^ >H L fc o 

>y n - ;b 7^ xi: : r. +J- Y X ^'J W n - ;KD ■ rl tS L . n - IS #e ^ L /£ ft . 

^p-;^affi^^l^^^a^ffim^^^M^i^^c:<^;^^j:o~:^+^'fxmil^^fofco 'S:*?. 2 m 20 

® ^ >y n - ;l/ ^ M , K II « ^ ® ^ « 2 M ^ L T ^ /|j ^ ^ Jfe" L fc „ 

rsMTS-iC : r.:k-^-f xmm^ic. z m<D u - ;i L T i^iMmmM^m.mmm-^ ^ c t 

J; D . -It ^ X 11 ^ o fc o =9: *5 . ?5 M ft >y ^ n - ;V j; ^ ^!)L ffltt ;?)^ o 

f- o 

[a 1 ] 





3 


b 


c 


d 


e 


f 
















mm 


HW-930 


HW-920 


HW-930 


HW-980 


HW-930 


HW-930 




JZtJ/ 

yztj 




r-tj/ 
yztj 


yitj 


J-JiV/ 

yztj 


JZtJ/ 

yztj 




600 


800 


600 


220 


600 


600 


100%!iti^(kgf/cm2) 


20 


10 


20 


132 


20 


20 




97 


95 


97 


97 


100 


85 
















mm 


A-187 


A-187 


A-1100 


A-187 




A-187 


mum{m.m%) 


3 


5 


3 


3 




15 



40 



a $5 T . ^ ^- y (D:f^ V ^ u ^ > m m m m x a >^ ^ > * :7° u > ^ .T^ r o 

HW- 9 3 0 : >^ H * > ^ ft ^ S r 7j< 11^. ^ U ^ > ffl IB /^ H v > U — X H W - 9 3 0 
J 

H W - 9 2 0 : i^B A^-f > ^^t'T^m r 7j< tt ^ U ^ ^ ® 3g ^ K U - X H W - 9 2 0 

J 

H W - 9 8 0 : :^ H * -< > 4^ ft: ^ S r 7j< 14 ^ U ^ > ftllB ^^ F ^ > y - X H W - 9 8 0 

J 
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A-1 8 7 : R*:i-;?7- (=1*) M r ^ iy ^ y ^ ^ ^ y y U -y^- m A - I 8 7 
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ABSTRACTED-PUB-NO: JP 2004011030 A 

BASIC-ABSTRACT: 

NOVELTY - A chopped carbon fiber bundle is formed using water 
soluble or aqueous sizing compound which has water- dispersible 
epoxy resin (A), polyurethane resin (B) and silane coupling agent 
(C). The compounding quantity of resin (B) and coupling agent 
are 70-99 mass% and 1-10 mass%, respectively. The adhesion 
amount of sizing compound (after adhering compound {Aji) to 
carbon fiber bundle is 1-5 mass%. 

DESCRIPTION - A chopped carbon fiber bundle is obtained by 
adhering water soluble or aqueous sizing compound (primary 
sizing compound) which has water-dispersible epazy resin [A^ as 
main component, polyurethane resin (B) and silane coupling 
agent (C) (secondary sizing compound) to carbon fiber bundle, 
drying the film and cutting the film to preset length. The 
elasticity of the film formed using the formed using secondary 
sizing compound is 500% or more. The adhesion amount of resin 
(^ with respect to the carbon fiber bimdle is 0.1-2 mass%. The 
compounding quantity of resin (B) and coupling agent are 70-99 
mass% and 1-10 mass%, with respect to the 100 mass% total 
amoimt of components other than water. The adhesion amount 
of sizing compound (after primary size processing) with respect 
to carbon fiber bundle is 1-5 mass% in an amount of 
components other than water. The moisture content of the 
carbon fiber bundle at the time of cutting is 20-50 mass%. 
INDEPENDENT CLAIMS are included for the following: 
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(1) manufiicture of chopped caibon fiber bundle; 

(2) aqueous sizing compound for chopped caibon fiber bundles; 

(3) thermoplastic resin composition; and 

(4) molded product 

USE - As reinforcing material. 

i\DVANTAGE - The fiber bundle has excellent shape stable 
property, handling at the time of fiber reinforcement composite 
material manufacture and economical efficiency. Stabilization of 
the manufacturing process and increasing quality of the fiber 
bundle are enabled. 

EQUIVALENT-ABSTRACTS: 

POLYMERS 

Preferred Properties: 100% elasticity of polyurethane resin is less 
than 120 kgf/cm2. The fabric weight of the carbon fiber bundle 
is 0.8-5 g/m. The fiber bundle width/thickness at the time of 
cutting the film is 3- 10. Preferred Resin: The thermoplastic resin 
is polycarbonate resin, acrjdonitrile butadiene styrene copolymer 
resin, acrylonitrile styrene resin, polyoxymethylene resin, 
polypropjdene resin, polyphenjdene sulfide resin, polyethylene 
sulfide resin, polyethylene imide resin, nylon and alloy type 
resin. 

TITLE-TERMS: CHOP CARBON BUNDLE REINFORCED 

MATERIAL FORMING SIZE COMPOUND 
WATER DISPERSE EPOXY RESIN 
POLYURETHANE SILANE COUPLE AGENT 
PRESET QUANTITY 

DERWENT-CLASS: A28A87F06 
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(54) CHOPPED CARBON FIBER BUNDLE, METHOD FOR PRODUCING THE SAME, 
AQUEOUS SIZING AGENT FOR CHOPPED CARBON FIBER BUNDLE AND 
THERMOPLASTIC RESIN COMPOSITION AND MOLDED PRODUCT THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a chopped carbon fiber bundle having excellent 
shape stability, handleability during production of a fiber-reinforced composite material and 
further excellent economical efficiency and a molded product thereof. 
SOLUTION: The chopped carbon fiber bundle Is obtained by applying an aqueous sizing 
agent comprising a water-soluble or a water-dlspersible polyurethane resin (B) having ^500% 
film elongation and a silane coupling agent (C) to a carbon fiber bundle to which a water- 
soluble or a water-dispersible epoxy resin (A) is applied and dried, cutting the resultant fiber 
bundle to a prescribed length and then drying the cut fiber bundle. The pickup of the 
component (A) based on the carbon fiber bundle is 0.1-2.0 mass%. In the sizing agent, the 
amount of the formulated component (B) is 70-99 mass% and the amount of the formulated 
component (C) is 1 .0-10 mass% based on 100 mass% of the total amount of the components 
other than water. The pickup of the sizing agent based on the carbon fiber bundle after 
applying the component (A) is 1-5 mass% expressed in terms of the amount of the 
components other than the water. The water content of the carbon fiber bundle during cutting 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to a chopped carbon fiber bundle used as a reinforcing member, and a 
manufacturing method for the same. It uses, when manufacturing a chopped carbon fiber 
bundle, and it is related with a suitable chopped carbon fiber bundle water-system sizing 
compound, the thermoplastic resin composition using a chopped carbon fiber bundle, and its 
mold goods. 
[0002] 

[Description of the Prior Art] 

A carbon fiber bundle is known as a reinforcing member, and the composite which blended this 
is called fiber reinforcement composite. Generally, size processing to which the main 
ingredients and a sizing compound are made to adhere aiming at raising the handling nature 
and physical properties of composite is performed to the carbon fiber bundle. [ epoxy resin / 
water solubility or / water dispersibility ] 

On the other hand, although a carbon fiber bundle is offered with the gestalt of the chopped 
carbon fiber bundle usually cut by 5-15-mm length in the object for fiber reinforcement 
composites which uses thermoplastics as matrix resin, Also when considering it as the gestalt 
of a chopped carbon fiber bundle, in order to give convergence nature, processing which does 
2-5 mass % adhesion of the sizing compound which is conformable to matrix resin is 
performed. For example, the specific polyurethane ionomer is Indicated by JP,55-23778,B as a 
sizing compound for chopped glass fibers. 

It is available also as a sizing compound at the time of manufacturing a chopped carbon fiber 
bundle. 

Hereafter, in this specification, the sizing compound which uses the sizing compound used 

when manufacturing a carbon fiber bundle when manufacturing a "primary sizing compound" 

and a chopped carbon fiber bundle is called a "secondary sizing compound." 

the carbon fiber bundle which it is easy to generate a fluff and fly in a carbon fiber bundle, and 

is acquired especially with an offline system - BARAKE easy - since the handling is difficult, 

it is indispensable to make these sizing compounds adhere to a carbon fiber bundle. 

[0003] 

In kneading a chopped carbon fiber bundle and thermoplastics and manufacturing a pellet 
here, It Is required to offer a chopped carbon fiber bundle into an extrusion machine 
quantitatively, but for that purpose, the shape stability of a chopped carbon fiber bundle is 
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important. If a gestalt is not suitable, regurgitation spots arise and it can become a cause of 
carbon fiber content spots. Since a fixed extrusion rate is no longer obtained, it is generated by 
the strand piece and a possibility of falling substantially also has the productivity of a pellet. 
[0004] 

As a manufacturing method of a chopped carbon fiber bundle, although the continuous method 
is also proposed, once rolling round a carbon fiber bundle in a bobbin etc. (JP,2001-214334,A, 
JP,2000-248432,A, etc.), the offline system ****(ed) and cut is common. In the offline system, 
manufacture is performed by drying the carbon fiber bundle which ****(ed), after making the 
secondary sizing compound which suited thermoplastics adhere so much and cutting to 
predetermined length (JP,5-261729,A etc.). As shape of the chopped carbon fiber bundle to 
manufacture, since it excels in the fixed-quantity-discharging nature at the time of pellet 
manufacture, it is not based on a manufacturing method but it is supposed that flat shape is 
preferred (JP,2001-271230,A etc.). 
[0005] 

[Problem(s) to be Solved by the Invention] 

The carbon fiber bundle excellent in economical efficiency possible [ mass production 
correspondence ] and cheap is searched for as the performance and the characteristic as a 
reinforcing member of a carbon fiber bundle are recognized widely. In order to realize mass 
production of a carbon fiber bundle, per equipment or the improvement in production capacity 
of per time is required, but ******-ization of the carbon fiber bundle is proposed as the way 
stage (JP,2000-248432,A etc.). 
[0006] 

However, when it was going to apply ******-ization to the chopped carbon fiber bundle, there 
was the following inconvenience. 

Although the chopped carbon fiber bundle described that shape stability is important, ** of the 
unit bunch became large and met the textiles orientation by uneven-izing of adhesion of a 
sizing compound, or bunch width expansion as it became ****** ~ being divided ("a textiles 
crack" is called hereafter.) it becomes easy to generate and there was a problem that it 
became difficult to acquire a chopped carbon fiber bundle with uniform bunch width. Fluff 
generating with a guide, a bar, etc. and coiling round occurred frequently, and there was also a 
problem that productivity fell as it became ******, when the processing speed (bearer rate) in 
the cutting process was gathered. It originated in fluff generating and there was also a 
possibility that the process permeability at the time of composite-izing might get worse. 
[0007] 

Then, this invention is made in view of this situation, and is a thing. 

the purpose is to provide the means which can acquire the chopped carbon fiber bundle which 
was alike, was excellent, was excellent In the handling nature at the time of fiber reinforcement 
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composite manufacture, and was excellent in economical efficiency. 
[0008] 

[Means for Solving the Problem] 

this invention person came to invent the following chopped carbon fiber bundle and a 
manufacturing method for the same, a chopped carbon fiber bundle water-system sizing 
compound, a thermoplastic resin composition, and its mold goods, as a result of inquiring in 
order to solve an aforementioned problem. 
[0009] 

As opposed to a carbon fiber bundle which a chopped carbon fiber bundle of this invention 
made carry out adhesion desiccation of water solubility or the water dispersibility epoxy resin 
(A), A drainage system sizing compound in which coat ductility contains not less than 500% of 
water solubility or water dispersion polyurethane tesin (B), and a silane coupling agent (C) is 
made to adhere, After cutting to predetermined length, it makes it come to dry and coating 
weight of an ingredient (A) to said carbon fiber bundle is 0.1 - 2.0 mass %, and. In said sizing 
compound, loadings of an ingredient (B) to the total component amount 100 mass % other 
than water 70 - 99 mass %, Loadings of an ingredient (C) are 1.0 - 10 mass %, and coating 
weight of said sizing compound to said carbon fiber bundle after the ingredient (A) adhesion is 
1-5 mass % in component amounts other than water, and it is characterized by water content 
of said carbon fiber bundle at the time of cutting being 20 - 50 mass %. 
[0010] 

In a chopped carbon fiber bundle of this invention, it is preferred that the 100% elastic modulus 
of an ingredient (B) is below 120 kgf/cm . 

Eyes of said carbon fiber bundle are 0.8 - 5 g/m, and it is preferred that the fiber bundle width / 

thickness at the time of cutting are 3-10. 

[0011] 

A manufacturing method of a chopped carbon fiber bundle of this invention, As opposed to a 
carbon fiber bundle which carried out adhesion desiccation of water solubility or the water 
dispersibility epoxy resin (A), A drainage system sizing compound in which coat ductility 
contains not less than 500% of water solubility or water dispersion polyurethane tesin (B), and 
a silane coupling agent (C) is made to adhere. After cutting to predetermined length, are a 
manufacturing method of a chopped carbon fiber bundle to dry, make coating weight of an 
ingredient (A) to said carbon fiber bundle into 0.1 - 2.0 mass %, and. In said sizing compound, 
loadings of an ingredient (B) to the total component amount 100 mass % other than water 70 - 
99 mass %, Loadings of an ingredient (C) are made into 1 .0 - 10 mass %, coating weight of 
said sizing compound to said carbon fiber bundle after the ingredient (A) adhesion is made into 
1 - 5 mass % with component amounts other than water, and water content of said carbon 
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fiber bundle at the time of cutting is made into 20 - 50 mass %. 
[0012] 

A chopped carbon fiber bundle water-system sizing compound of this invention, Coat ductility 
contains not less than 500% of water solubility or water dispersion polyurethane tesin (B), and 
a silane coupling agent (C), and. Loadings of an ingredient (B) are characterized by loadings of 
70 - 99 mass % and an ingredient (C) being 1,0-10 mass % to the total component amount 
100 mass % other than water, 
[0013] 

A thermoplastic resin composition of this invention blends thermoplastics and a chopped 
carbon fiber bundle of above-mentioned this invention, and is characterized by loadings of a 
chopped carbon fiber bundle being five to 40 mass %. Mold goods of this invention fabricate a 
thermoplastic resin composition of this invention. 
[0014] 

[Embodiment of the Invention] . 

Hereafter, this invention is explained in detail. 

(Chopped carbon fiber bundle) 

After making the drainage system sizing compound containing specific polyurethane resin (B) 
and silane coupling agent (C) adhere to the carbon fiber bundle which carried out adhesion 
desiccation of water solubility or the water dispersibility epoxy resin (A) and cutting to 
predetermined length, it makes it come to dry the chopped carbon fiber bundle of this 
invention, 
[0015] 

In the chopped carbon fiber bundle of this this invention, "an ingredient (A)" uses the main 
ingredients of a primary sizing compound, a "drainage system sizing compound" carries out 
considerable to a secondary sizing compound respectively, and it is characterized by 
performing two steps of size processings and acquiring a chopped carbon fiber bundle by this 
invention. The secondary sizing compound itself used by this invention is new. 
Although the sizing compound may have been made to adhere in one step using the sizing 
compound for chopped carbon fiber bundle manufacture as a sizing compound made to 
adhere once at the time of manufacture of a carbon fiber bundle, Since it must double that the 
requirements of a sizing compound differ, and for chopped carbon fiber bundle manufacture 
and a sizing compound must be changed, a sizing compound is not made to adhere in one 
step, After adhering and drying a primary sizing compound beforehand, two-step size 
processing in which another secondary sizing compound for chopped carbon fiber bundle 
manufacture is made to adhere is preferred. Here, a primary sizing compound affects a carbon 
fiber substrate, a secondary sizing compound affects the condensation characteristic of a 
carbon fiber bundle aggregate, and it is characteristic in this invention to use a specific thing as 
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these sizing compounds. 
[0016] 

<Primary size down stream processing> 

When making a primary sizing compound adhere to a carbon fiber bundle, it is important to 
select coating weight, the adhesion method, drying temperature, etc. suitably, and to make it 
adhere uniformly. The state where the sizing compound adhered uniformly says the state 
where the sizing compound has not adhered to a carbon fiber bundle selectively, and has 
adhered to it uniformly in the shape of an oil film in optical microscope observation. 
In this process, it is preferred from a viewpoint of uniform adhesion to perform size processing, 
where a carbon fiber bundle is opened as much as possible. However, it is preferred to make 
bunch width / thickness at the time of cutting or more into three so that a postscript may be 
carried out, but the bunch width / thickness in this stage do not need to be three or more. It is 
preferred that there is no twist in the carbon fiber bundle at the time of size processing 
substantially. 
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Although the sizing compound may have been made to adhere in one step using the sizing 
compound for chopped carbon fiber bundle manufacture as a sizing compound made to 
adhere once at the time of manufacture of a carbon fiber bundle, Since it must double that the 
requirements of a sizing compound differ, and for chopped carbon fiber bundle manufacture 
and a sizing compound must be changed, a sizing compound is not made to adhere in one 
step, After adhering and drying a primary sizing compound beforehand, two-step size 
processing in which another secondary sizing compound for chopped carbon fiber bundle 
manufacture is made to adhere is preferred. Here, a primary sizing compound affects a carbon 
fiber substrate, a secondary sizing compound affects the condensation characteristic of a 
carbon fiber bundle aggregate, and it is characteristic in this invention to use a specific thing as 
these sizing compounds. 
[0016] 

<Primary size down stream processing> 

When making a primary sizing compound adhere to a carbon fiber bundle, it is important to 
select coating weight, the adhesion method, drying temperature, etc. suitably, and to make it 
adhere uniformly. The state where the sizing compound adhered uniformly says the state 
where the sizing compound has not adhered to a carbon fiber bundle selectively, and has 
adhered to it uniformly in the shape of an oil film in optical microscope observation. 
In this process, it is preferred from a viewpoint of uniform adhesion to perform size processing, 
where a carbon fiber bundle is opened as much as possible. However, it is preferred to make 
bunch width / thickness at the time of cutting or more into three so that a postscript may be 
canried out, but the bunch width / thickness in this stage do not need to be three or more. It is 
preferred that there is no twist in the carbon fiber bundle at the time of size processing 
substantially. 
[0017] 

In this invention, the sizing compound which uses water solubility or a water dispersibility 
epoxy resin (A) as the main ingredients is used as a primary sizing compound. When using the 
sizing compound which uses a water dispersibility epoxy resin as the main ingredients, that by 
which the emulsifier was added is preferred. 

This primary sizing compound is preferred from the ability to excel in compatibility and handling 
nature with a carbon fiber substrate, and converge a carbon fiber bundle in a small quantity. It 
has the outstanding process permeability - in next secondary size down stream processing, 
coiling round of the fiber bundle to a roller with good extraction nature from a bobbin, KENSU, 
etc. does not generate the carbon fiber bundle processed with this primary sizing compound. 
Wettability with the secondary sizing compound used by this invention is also good, and since 
it excels also in compatibility with the constituent (polyurethane resin (B) and silane coupling 
agent (C)) of a secondary sizing compound, in next secondary size down stream processing, it 
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becomes possible to make a secondary sizing compound adhere uniformly, 
[0018] 

Especially as the water solubility or the water dispersibility epoxy resin (A) which is the main 
ingredients of a primary sizing compound, it is not limited and a publicly known thing can be 
used. If it can be used by a drainage system, a modified epoxy resin can also be used. One 
sort of epoxy resins are used independently, and also two or more sorts can also be mixed and 
used. As for the viewpoints of the workability of next secondary size down stream processing 
and a cutting process, process permeability, etc. to an epoxy resin, it is more preferred to use 
a liquefied thing and a solid thing together at a room temperature. 
[0019] 

As a water-soluble epox y resin, what has a glycidyl group to the both ends of an ethylene 
glycol chain, the thing which ethyleneoxide is added to the both ends of bisphenols, such as A 
type, a female mold, and a smooth S form, and has a glycidyl group to the both ends, etc. are 
mentioned. What has alicyclic epoxy groups can also be used instead of a glycidyl group. As a 
water dispersibility epoxy resin, a bisphenol A type epoxy resin, Bisphenol F type epoxy resin, 
a bisphenol smooth S form epoxy resin, Phenol novolak type epoxy resin, cresol novolak type 
epoxy resin, A biphenyl type epoxy resin, a naphthalene skeletal pattern epoxy resin, an 
aliphatic series system epoxy resin, Dicyclopentadiene type epoxy resin (product HPmade 
from DIC7200 grade), glycidyl amine type epoxy resin, DPP novolak type epoxy resin (product 
Epicoat made from JER 157S65 grade), etc. are mentioned. What has alicyclic epoxy groups 
can also be used instead of a glycidyl group. 

Although not limited especially as an emulsifier, an anionic system, a cation system, the 
Nonion system, etc. can be used. Especially, since the main ingredients (B) of a secondary 
sizing compound are polyurethane resin of an anionic system or an Nonion system, an anionic 
system or the Nonion system emulsifier is preferred. Since the stability of a secondary sizing 
compound is not checked, especially the Nonion system emulsifier is preferred, 
[0020J 

Th ejgoatinq weight of the inciredient (A) to carbon fiber bundle 100 mass % has preferred 0.1 - 
2^0 mjiss %f 3 n6 its 0.2 - 1 .2 mass % is more preferred. If it is this range, the molecular layer 
of a wrap ingredient (A) turns into about 1-3 layers in the carbon fiber substrate surface, and it 
is suitable. 

When the coating weight of an ingredient (A) exceeds 2 mass %, there is a possibility that 
ingredient (A) particles may intervene between carbon fiber, bridging may occur, the motion 
between textiles may be restrained by the pseudo bonds of textiles, the breadth nature of a 
fiber bundle may worsen, and the homogeneity of a fiber bundle may be spoiled by extension. 
The perviousness of the secondary sizing compound made to adhere at a next process is 
checked, and a possibility that the characteristic as a fiber bundle may get worse also has that 
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it becomes difficult to acquire a uniform chopped carbon fiber bundle etc. On the other hand, 
the effect that coating weight makes a primary sizing compound adhere in less than 0.1 mass 
% is not revealed, and there is a possibility that the carbon fiber bundle excellent in process 
permeability, handling nature, and compatibility with a secondary sizing compound may no 
longer be acquired. 
[0021] 

In manufacturing a chopped carbon fiber bundle with an offline system, it once stores the 
carbon fiber bundle after primary size processing by bobbin rolling up and KENSU transfer. 
The method is suitably selected according to the total eyes, workability, etc. of a carbon fiber 
bundle. A continuous method may be adopted instead of an offline system. 
When adopting which method, this invention person by using an epoxy resin system sizing 
compound as a primary sizing compound, Irrespective of the size of eyes, in the next process, 
generating of coiling round by the creel and a guide, a fluff, and fly could be controlled, and it 
found out that it was stabilized and a ****** chopped carbon fiber bundle could be processed at 
high speed. Being impregnated of the secondary sizing compound used at a next process 
became very easy, and it found out that a uniform product could be manufactured with high 
yield. 
[0022] 

<Secondary size down stream processing> 

Next, secondary size processing in which a secondary sizing compound is made to adhere is 
performed to the carbon fiber bundle which carried out primary size processing as mentioned 
above, fn this invention, it is characterized by coat ductility using not less than 500% of 
secondary sizing compound in this process. 

If it is in the chopped carbon fiber bundle cut short, if bunch width becomes large, it will 
become easy to carry out a longitudinal crack along textiles orientation, and it is in a difficult 
tendency to maintain the gestalt at the time of the use under manufacture and after 
manufacture. Although this was remarkable in especially the ****** carbon fiber bundle, this 
invention person found out that the shape stability of a ****** carbon fiber bundle was kept 
effective by using a secondary sizing compound with large intensity, especially coat ductility of 
the coat formed, as a result of paying his attention to the film forming ability of a secondary 
sizing compound. 
[0023] 

It is guessed that the secondary sizing compound is working so that it may be between textiles, 
a coat may be formed and textiles may be pasted up. And in the chopped carbon fiber bundle 
pass a cutting process, it seems after secondary size processing that it is in the state where it 
converged with a tangle of a filament and the cohesive force of the secondary sizing 
compound. If this invention person was in fiber length's short chopped carbon fiber bundle, he 
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thought that the focusing forces were largely based on the pseudo bonds between the textiles 
by the cohesive force of a sizing compound rather than a tangle of a filament. And if the coat 
ductility of a secondary sizing compound is small as a result of inquiring paying attention to 
such a point, The shearing force of shock nature is applied in the cutting process and drying 
process of a carbon fiber bundle, and it becomes easy to generate a longitudinal crack and a 
fluff, and it found out becoming difficult to produce these problems, so that the coat ductility of 
the secondary sizing compound was large. 
[0024] 

It found out that aqueous polyurethane resin (B) with coat ductility (the degree of breaking 
extension) can use it by a drainage system and specifically as high as the main ingredients of 
a secondary sizing compound as not less than 500% and a comparatively small coat elastic 
modulus was the optimal. High textiles crack prevention performance is obtained as coat 
ductility is not less than 500%. As for coat ductility, it is more preferred that it is not less than 

2 

600%. It is preferred that the 100% elastic modulus of a coat is below 120 kgf/cm , and it is 

2 

more preferred that it is below 70 kgf/cm . If the 100% elastic modulus of a coat is below 120 

kgf/cm^, the longitudinal crack of the carbon fiber in the cutting process and drying process of 

a carbon fiber bundle can be controlled more effectively. 

[0025] 

Here, as aqueous polyurethane resin (B), an ether system, an ester system, a carbonate 
system, a horse mackerel peat system, etc. can be especially used without restriction. Water- 
soluble or water-dispersion (water emulsion system) any may be used. 
As water dispersibility, any a self-emulsification type and compulsive emulsification type 
[ containing an emulsifier ] may be used. 

As self-emulsification type polyurethane resin (B), The Nonion system type which introduced 
the ethyleneoxide block which has compatibility with water into polyurethane resin, the anionic 
system type which introduced the anionic functional group, Nonion / anion coexistence system 
type having these both, etc. is mentioned. Since a silane coupling agent (C) is added to a 
secondary sizing compound in this invention, especially Nonion / Nonion system [ which 
controls condensation of a silane coupling agent (C) and is excellent in emulsion stability ], or 
anion coexistence system type are preferred. 

As an emulsifier used for a compulsive emulsification type, although any of the Nonion system, 
an anionic system, and a cation system may be used, the Nonion system or anionic system 
which is a common urethane system emulsifier is preferred. Since a silane coupling agent (C) 
is added to a secondary sizing compound in this invention, the Nonion system, or Nonion / 
anion coexistence system controls condensation of a silane coupling agent, and emulsion 
stability is preferred especially from a good point. 
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It is preferred from a point of the weatherproof improvement in mold goods to use a non- 

xanthochroism type also in polyurethane resin. 

[0026] 

When preparing a secondary sizing compound, it is preferred to use polyurethane resin 
solution or a moisture powder solution (a polyurethane solution is only called hereafter.) for a 
raw material, but it is preferred to reduce the ingredient which has an epoxy resin and a 
functional group which has reactivity in a polyurethane solution as much as possible. This is for 
controlling by primary size processing reactivity with the epoxy resin made to adhere to the 
carbon fiber bundle surface. By using an aminosilane coupling agent etc., some epoxy resins 
etc. which exist on the surface of a carbon fiber bundle can be made to be able to construct a 
bridge, and it can adopt [ in / it is publicly known that convergence nature can be improved 
and / this invention ]. However, since there is a possibility of checking control of crosslinking 
reaction, it is not preferred that the ingredient which has an unfixed quantity of a reactive 
functional group exists in a sizing compound. 

as this polyurethane solution the aqueous-urethane-resin hide run series made from the 
Dainippon Ink chemicals (HW-301, and 311 and 31 2B.) 337, 111,112, 920, 930, 935, 940, AP- 
70, Bon Dick 1940NS, 2210, YUKAREJIN U-004 made from the Yoshimura oil recovery study. 
007 and 009, yne PURANIRU DLS made from a Beyer, etc. are mentioned. 
[0027] 

As for the loadings (when using a polyurethane solution as a raw material, it is a polyurethane 
resin component amount in this solution) of an ingredient (B), in a secondary sizing compound, 
it is preferred that it is 70 - 99 mass % to the total component amount 100 mass % other than 
the water of a secondary sizing compound. 

An aqueous-polyurethane-resin ingredient depends this on having played the-like role in the 
convergence nature of a carbon fiber bundle, and when the loadings cannot give convergence 
nature sufficient by less than 70 mass % but exceed 99 mass %, there is a possibility that the 
amount of additive agents which raises an adhesive property with resin may become 
insufficient. 
[0028] 

In this specification, the coat performance of a polyurethane solution shall be measured as 
follows. 

First, apply a polyurethane solution with a stretch thinly on a glass plate, at a room 
temperature, neglect it for 20 hours, carry out predrying, it is made to dry for 5 minutes at 140 
** succeedingly, and the coat of 100-500 micrometers of thickness is formed on a glass plate. 
The specimen of 100-mm length x20-mm width is cut down from this coat, and ductility and a 
100% elastic modulus are measured by making tension speed into 300 mm/min at a room 
temperature. 
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[0029] 

In this invention, it is characterized by blending the silane coupling agent (C) of the specified 
quantity besides the above-mentioned ingredient (B) with a secondary sizing compound. One 
sort of silane coupling agents are used independently, and also two or more sorts can also be 
mixed and used. 

Especially as an ingredient (C), an epoxysilane system, an aminosilane system, and a 
vinylsilane system are preferred also in a silane coupling agent In an epoxysilane system, as 
an epoxy group of a silane compound, a glycidyl group, alicyclic epoxy groups, etc. are 
preferred, and A-Nlppon Unicar 186, A-187, AZ-6137, and AZ-6165 grade are concretely 
mentioned as this silane coupling agent. As an aminosilane system, what has the 1st class 
amine, secondary amine, or its both sides is mentioned, and A-Nippon Unicar 1100, A-1110, 
A-1120, Y-9669, and A-1160 grade are mentioned concretely. As a vinylsilane system, what 
has a vinyl group and an methacrylic group is mentioned, and A-Nippon Unicar 151, A-171, A- 
172, A-2171, A-174, Y-9936, and AZ-6134 grade are mentioned concretely. 
[0030] 

Although the silane coupling agent was used for processing of glass fiber strengthening 
composite, also in the carbon fiber reinforced composite which uses thermoplastics as matrix 
resin, this invention person raised interfacial surface tension, and it found out that it was 
dramatically effective in obtaining the composite excellent in the mechanical physical property. 
Although it is thought in glass fiber strengthening composite that it works effective in 
compatibility with a glass fiber substrate. In carbon fiber reinforced composite, since the grade 
of the effect changes with matrix resin to be used, it is imagined as that which is effective 
against the interaction with matrix resin rather rather than the carbon fiber substrate. 
[0031] 

As for the addition of a^il^pg Cff^t^pling qgf?n! (Q), 't is preff^nrf^d that it is 1 n - 1P pna<;<^ to the 
total component amount (total amount of solid content) 1 00 mass % other than the water of a 
secondary sizing compound, and it is more preferred that it is 2 - 6 mass %. If an addition is 
more than 1.0 mass %, the mechanical physical property improved effect of the composite by 
addition of a silane coupling agent (C) will be revealed. On the other hand, when 10 mass % is 
exceeded, the Silang bridge construction of a silane compound advances, the convergence 
state of a fiber bundle becomes it is hard and vulnerable, and there is a possibility of becoming 
easy to generate a longitudinal crack. 
[0032] 

After not limiting the adhesion method in particular of a secondary sizing compound, making 
some rolls immersed into a secondary sizing compound and carrying out surface transfer, The 
immersion system etc. which make the touch-roll method which contacts a carbon fiber bundle 
on this roll, and is made to adhere to it, and a carbon fiber bundle immersed into a direct 
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secondary sizing conripound, pass a nip roll if needed after that, and control coating weight are 
held. A touch-roll method is especially preferred and the method which contacts a carbon fiber 
bundle to two or more touch rolls further, and is made to adhere in two or more steps is 
preferred especially from coating weight or a viewpoint of bunch width control. 
[0033] 

It is preferred to control so that the coating weight of the secondary sizing compound to carbon 
fiber bundle 100 mass % after primary size processing becomes 1-5 mass % with component 
amounts other than water. There is a possibility that sufficient convergence nature may not be 
obtained for the coating weight of a secondary sizing compound in a next cutting process and 
drying process by less than 1 mass %, but a textiles crack and a fluff may occur, and a trouble 
may occur at the time of an extrusion machine injection. On the other hand, although it will 
become good [ the permeability of a next process ] since focusing forces become strong if 
coating weight exceeds 5 mass %, the uniform distribution to resin within an extrusion machine 
becomes difficult, and there are an appearance defect of mold goods and a possibility of 
causing the fall of the mechanical physical property by distributed spots. 
[0034] 

<Cutting process> 

After making a secondary sizing compound adhere to a carbon fiber bundle as mentioned 
above, the carbon fiber bundle which is in a damp or wet condition succeedingly is cut, and it is 
considered as the gestalt of a chopped carbon fiber bundle. 

It uses that the cutting process in this invention absorbs the convergence effect of the carbon 
fiber by the surface tension of the secondary sizing compound containing water, and the 
shearing force of the shock nature at the time of cutting in the flexible state of a damp or wet 
condition, and prevents a textiles crack. 
[0035] 

The damp or wet condition of the carbon fiber bundle at the time of cutting has preferred 20 - 
50 mass % at water content, and is more preferred. [ of 25 - 40 mass % ] There is a possibility 
that water content may become easy to generate a textiles crack and a fluff in less than 20 
mass % at the time of cutting. Since it will be in the state where water adhered to the fiber 
surface superfluously if water content exceeds 50 mass %, carbon fiber converges round with 
the surface tension of water, and there is a possibility that the occurrence frequency of blinding 
of Miss Katt and an edge may become high at the time of cutting. Therefore, in previous 
secondary size down stream processing, it is important by adjusting and processing 
constituent concentration and coating weight other than water that the moisture content in a 
carbon fiber bundle is held in the continuing cutting process at 20 - 50 mass %. 
Simultaneously, it is necessary to adjust the concentration of a secondary sizing compound so 
that the coating weight of a secondary sizing compound may become 1 - 5 mass % like the 
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above-mentioned. In order to adjust water content if needed, adding processing by water or a 
secondary sizing compound may be performed before cutting. 

[0036] 

Altliough there is no restriction in particular as cutting systems, a rotary-cutter method etc. are 
preferred. As fiber length (chopped carbon fiber length) after cutting, 2-15 mm is preferred, and 
6-12 mm is more preferred. In a rotary-cutter method, cut length can be adjusted by adjusting 
the tooth point interval of the device to be used. 
[0037] 

Since will cut with a rotary-cutter method if fiber bundle thickness becomes thick too much, 
produce ****, or carbon fiber coils around a rotor, and it becomes operation impossible or the 
defect of shape after cutting arises, the thinner one of fiber bundle thickness is advantageous. 
When the eyes of a carbon fiber bundle are the ****** carbon fiber bundles of more than 1.5 
g/m, it is important to make a carbon fiber bundle open as much as possible, and to make a 
secondary sizing compound adhere uniformly to the inside of a fiber bundle. Therefore, it is 
preferred to make it run so that there may be no twist in the carbon fiber bundle after size 
processing substantially, controlling using a guide roll, a comb guide, a spreader bar, etc., so 
that the bunch width / thickness of the carbon fiber bundle before and behind secondary size 
down stream processing become large. 
[0038] 

That is, it is preferred to make bunch width extremely narrow and not to make it the shape of a 
round cross section or the shape of an elliptical cross section (****** thing which is not made 
cylindrical) and to control bunch width so that bunch width / thickness specifically becomes 
three or more. There is no possibility of reaching the fiber bundle thickness which Miss Katt in 
the cutting process in a rotary cutter generates notably as bunch width / thickness is three or 
more. When bunch width / thickness exceeds 10, thickness becomes thin too much, it 
becomes easy to produce the longitudinal crack of a carbon fiber bundle after cutting, and Miss 
Katt at the time of cutting has a possibility that next process permeability may get worse, 
although it becomes difficult to produce. In order to extend a ****** carbon fiber bundle thinly 
just like a general-purpose type and to cut it, the carbon fiber number which can be processed 
decreases simultaneously, in order to compensate the decrement, broad-izing of a cutter or 
improvement in the speed of processing speed is needed, and there is a possibility of causing 
decline in the load of an equipment surface or productive efficiency. Therefore, it is preferred to 
adjust the width of the guide which accompanies a rotary cutter so that bunch width / thickness 
may be set to 3-10, and to control the bunch width of a chopped carbon fiber bundle. If it is in a 
****** carbon fiber bundle with a natural thing, carbon fiber width has spread, and since a fiber 
bundle will be in the state where it was folded up, in the guide of a rotary cutter, it will be 
adjusted in the direction which narrows bunch width. 
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[0039] 

<Drying process> 

Next, the chopped carbon fiber bundle after cutting is dried. A hot-air-drying method etc. are 
mentioned as a drying method. When adopting a hot-air-drying method, in order to raise the 
evaporation efficiency of moisture and to prevent adhesion of chopped carbon fiber bundles, it 
is preferred to dry transporting in the state where it was made to vibrate. If the vibration at the 
time of desiccation is too strong, it will become easy to generate a textiles crack and bunch 
width / thickness of the rate of less than three chopped carbon fiber bundle will increase. If 
vibration is too weak, the pseudo bonds of textiles will happen and it will become dumpling- 
like. Therefore, it is necessary to set it as a suitable frequency condition. It Is more preferred to 
carry out oscillating desiccation, making a mesh diaphragm top it not only to to eliminate the 
subdivided chopped carbon fiber, but transport, in order to improve as a hot wind. In order to 
raise drying efficiency, auxiliary means, such as infrared radiation, may be used together. 
The chopped carbon fiber bundle of this invention is completed as mentioned above. 
[0040] 

According to this invention chopped carbon fiber bundle and a manufacturing method for the 
same, the chopped carbon fiber bundle which was excellent in shape stability and was 
excellent in the handling nature at the time of fiber reinforcement composite manufacture can 
be provided. Eyes of this invention are especially effective to the ****** chopped carbon fiber 
bundle of more than 1.5 g/m, stabilization of the manufacturing process and quality 
improvement can be realized, and the chopped carbon fiber bundle excellent in economical 
efficiency possible [ mass production correspondence ] and cheap can be provided. 
[0041] 

<A thermoplastic resin composition, mold goods> 

The thermoplastic resin composition of this invention can be provided by kneading the 
chopped carbon fiber bundle of this invention with thermoplastics. It is preferred to obtain the 
pellet which supplies the chopped carbon fiber bundle of this invention to an extrusion 
machine, kneads with thermoplastics, pelletizes here, and consists of a thermoplastic resin 
composition of this invention. The mold goods (fiber reinforcement composite) of this invention 
can be provided by fabricating the thermoplastic resin composition of this invention with 
publicly known molding methods, such as injection molding process. 
[0042] 

If it hits preparing the thermoplastic resin composition of this invention, it is preferred to make 
the loadings of the chopped carbon fiber bundle of this invention into 5-40 mass % to total 
amount 100 mass % of a constituent. By making the loadings of the chopped carbon fiber 
bundle of this invention more than 5 mass %, the mechanical physical property improved effect 
of the mold goods by addition of a chopped carbon fiber bundle is notably revealed. If 40 mass 
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% is exceeded, the effect beyond it will not be acquired, and the process stability at the time of 
pellet manufacture falls, the textiles content spots of a pellet, etc. arise, and there is a 
possibility that the quality stability of mold goods may get worse. 
[0043] 

As thermoplastics used by this invention, although there is no restriction in particular, from a 
viewpoint of compatibility with polyurethane resin (B) which is the main ingredients of a 
secondary sizing compound. Either is preferred among polycarbonate resin, ABS plastics, an 
AS resin, POM resin, polypropylene resin, PPS resin, PES resin, PEI resin. Nylon, and these 
alloy system resin. 
[0044] 

Since the thermoplastic resin composition and mold goods of this invention are obtained using 
the chopped carbon fiber bundle of this invention, they are excellent in a mechanical physical 
property, and they become the thing excellent in productivity and economical efficiency. 
[0045] 
[Example] 

Next, the example and comparative example concerning this invention are explained. 
[0046] 

(Examples 1-5, comparative examples 1-7) 
<Manufacture of a chopped carbon fiber bundle> 

The chopped carbon fiber bundle was manufactured as follows using the carbon fiber bundle 
of marketing which consists of 12000 or 50000 filaments which use poly acrylic fibers as a raw 
material. 

First, primary size processing in which a primary sizing compound was made to adhere to the 
carbon fiber bundle of a raw material was performed, after desiccation, it rolled round in the 
bobbin and the continuation carbon fiber bundle was acquired. As a primary sizing compound, 
the epoxy system sizing compound of the following presentations was prepared and used. In 
the comparative example 4, this processing was not performed but it advanced to the following 
process. 
Base resin 

- Product made from Japan Epoxy Resin "Epicoat 828" 50 mass parts 

- Product "Epicoat 1001" made from Japan Epoxy Resin 30 mass parts 
Emulsifier 

- Product made from Asahi Electrification "Pluronic F88" 20 mass parts 

Next, after passing the opening bar and the carbon fiber width regulation bar alternately with 
multiple times and considering it as predetermined carbon fiber width, secondary size 
processing in which a secondary sizing compound was made to adhere was performed. As a 
secondary sizing compound, six kinds of sizing compound a-f were prepared and used. A 
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presentation and physical properties of the each second sizing compound are shown in Table 
1. The moisture content was adjusted in use and secondary sizing compound concentration 
was adjusted. Following either was adopted as a method to which a secondary adhesion agent 
is made to adhere. 

Touch-roll method: After immersing some rolls in the secondary sizing compound tub and 
transferring to a roll surface, secondary size processing was performed by contacting a carbon 
fiber bundle to this roll surface. It applied to the 2nd page of the rear surface of a carbon fiber 
bundle using two touch rolls. 

Immersion system: Secondary size processing was performed by making a carbon fiber 
bundle directly immersed via two rolls into a secondary sizing compound tub. Processing by a 
nip roll was not performed after immersion. 
[Table 1] 
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In Table 1, each cable address shows the following polyurethane resin solutions or silane 
coupling agents. 

HW-930: The product made from the Dainippon Ink chemicals "aqueous-urethane-resin hide 
run series HW-930" 

HW-920: The product made from the Dainippon Ink chemicals "aqueous-urethane-resin hide 
run series HW-920" 

HW-980: The product made from the Dainippon Ink chemicals "aqueous-urethane-resin hide 
run series HW-980" 
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A-187: "Epoxysilane system silane coupling agent A-187" by Nippon Unicar 
A-1100: "Aminosilane system silane coupling agent A-1100" by Nippon Unicar 
In Table 1, "the amount of aquosity polyurethane components", The loadings (mass %) and 
"the addition of a silane coupling agent" to the total component amount 100 mass % other than 
the water of the secondary sizing compound for water solubility or water-dispersion- 
polyurethane-tesin Sumishige mean the addition (mass %) to the total component amounts 
other than the water of the secondary sizing compound for silane coupling agent Sumishige. 
Next, the chopped carbon fiber bundle was acquired by cutting a carbon fiber bundle to 
predetermined length using a rotary cutter, supplying to a floor vibration type hot air drying 
furnace continuously finally, and making it dry at 200 **. in the comparative example 7, it cut 
after desiccation. 
[0047] 

<Manufacture of a pellet and mold goods> 

Melting mixing of the chopped carbon fiber bundle and thermoplastics which were obtained 
was carried out with 30 mm of side feeding type vent twin screw extruder, and it extruded to 
strand shape, and after water cooling, it cut to the pellet type and the pellet was obtained. This 
pellet was fabricated with the back injection molding machine dried enough, and mold goods 
(fiber reinforcement composite) were obtained. As kinetic property of these mold goods, it bent 
with tension physical properties and physical properties were respectively measured based on 
JIS K7113and JIS K7203. 
[0048] 

The kind of the carbon fiber bundle of the raw material used in each example and a 
comparative example and its physical properties, and secondary sizing compound and its 
concentration and emulsion stability, the adhesion method of a secondary sizing compound, 
and the fiber length (fiber length of a chopped carbon fiber bundle) after cutting are shown in 
Table 2 and Table 3. 

The strand physical properties of the carbon fiber bundle of a raw material, coating weight of a 
primary sizing compound, The result of having evaluated the coating weight of a secondary 
sizing compound, the physical properties of the carbon fiber bundle after secondary size 
processing, the process permeability of secondary size down stream processing, the water 
content at the time of cutting, the process permeability of a cutting process, and the 
appearance of the acquired chopped carbon fiber bundle is shown according to Table 2 and 
Table 3. The strand physical properties of the carbon fiber bundle were measured based on 
JIS R7601. The coating weight of the sizing compound was measured based on the extraction 
method of JIS R7601. 

The evaluation result of the kind of thermoplastics used at the time of pellet manufacture and 
the loadings of a chopped carbon fiber bundle, an extrusion machine injection situation, and 
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mold goods is shown according to Table 2 and Table 3. 

[0049] 

[Table 2] 
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In Table 2 and Table 3, each cable address shows the following. 

TR30S: The carbon fiber bundle by Mitsubishi Rayon Co., Ltd. "pyro philharmonic TR30S" 
TR30L: The carbon fiber bundle by Mitsubishi Rayon Co., Ltd. "pyro philharmonic TR30L" 
TC-7F: Polycarbonate by Mitsubishi Rayon Co., Ltd., and alloy resin of ABS "diagram alloy TC- 
7F" 

PC: Polycarbonate by Mitsubishi engineering plastics incorporated company "nova REXX 
7025A" 

As for "secondary sizing compound concentration", the total component amounts (mass %) 
other than the water to a secondary sizing compound total amount and "the loadings of a 
carbon fiber bundle" at the time of pellet manufacture as used in Table 2 and Table 3 mean the 
loadings (mass %) of the chopped carbon fiber bundle in a pellet. 
[0051] 

Using the primary sizing compound which uses water solubility or a water dispersibility epoxy 
resin (A) as the main ingredients, as shown in Table 2 and Table 3, perform primary size 
processing and it ranks second so that sizing compound coating weight may become 0.6 - 1 .0 
mass %, Coat ductility contains 600 to 800%, and an elastic modulus contains the water 
solubility or water dispersion polyurethane tesin (B), and the silane coupling agent (C) of 10 - 

20 kgf/cm 100%, and. The loadings of the ingredient (B) to the total component amount 100 
mass % other than water are 95 - 97 mass %, After the addition of an ingredient (C) performs 
secondary size processing using the secondary sizing compound of 3 - 5 mass % so that 
sizing compound coating weight may become 2.3 - 2.5 mass %, In Examples 1-5 which cut, 
made it dry and manufactured the chopped carbon fiber bundle, it was satisfactory to 
secondary size down stream processing or a cutting process in any way, and process 
permeability was very good. The acquired chopped carbon fiber bundle does not have 
appearance defects, such as a textiles crack, was excellent in shape stability, and excellent in 
the handling nature at the time of fiber reinforcement composite manufacture. 
Mix the acquired chopped carbon fiber bundle with thermoplastics, and. By making the 
loadings of a chopped carbon fiber bundle into 20 - 30 mass %, tension breaking strength was 
as high as 140 - 170MPa, bending strength was as high as 240 - 250MPa, the rate of bending 
flexibility was as high as 11300 - 18600MPa, and the fiber reinforcement composite excellent 
in kinetic property was able to be obtained. The injection to the extrusion machine at the time 
of kneading thermoplastics and a chopped carbon fiber bundle was also satisfactory in any 
way, and good. 

In particular, in Examples 2, 4, and 5, although eyes manufactured using the ****** carbon fiber 
bundle of more than 1.5 g/m, such a good result was obtained and it became clear that this 
invention was preferred also to a ****** carbon fiber bundle. 
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[0052] 

On the other hand, the secondary sizing compound in which coat ductility uses less than 500% 

2 

as the main ingredients, and an elastic modulus carries out polyurethane resin of 120 kgf/cm 
** 100% is prepared, The textiles crack and the fluff were observed by the acquired chopped 
carbon fiber bundle in the comparative example 1 which performed secondary size processing, 
and shape stability was poor. Stagnation was seen at the time of the injection to the extrusion 
machine at the time of kneading thermoplastics and a chopped carbon fiber bundle. 
The fiber reinforcement composite obtained in the comparative example 2 which prepared the 
secondary sizing compound, without adding a silane coupling agent (C), and performed 
secondary size processing had tension breaking strength and low bending strength, and its 
kinetic property was poor. 

In the comparative example 3 which made water content at the time of cutting more than 50 
mass %, the fiber bundle shape at the time of cutting turned into section approximate circle 
shape (bunch width / thickness is the abbreviation 1), and Miss Katt occurred frequently in the 
cutting process. The obtained fiber reinforcement composite had tension breaking strength and 
low bending strength, and its kinetic property was poor. 
[0053] 

In the comparative example 4 which did not perform primary size processing, and the 
comparative example 5 which made coating weight of the primary sizing compound more than 
2.0 mass %, fluff adhesion of a up to [ a roll ] and coiling round were seen in secondary size 
down stream processing, and Miss Katt occurred frequently in the cutting process. The textiles 
crack and the fluff were observed by the acquired chopped carbon fiber bundle, and shape 
stability was also poor. Stagnation was seen at the time of the injection to the extrusion 
machine at the time of kneading thermoplastics and a chopped carbon fiber bundle. The 
obtained fiber reinforcement composite had tension breaking strength and low bending 
strength, and its kinetic property was poor. 

Make coating weight of a primary sizing compound into more than 2.0 mass %, and the 
loadings of the ingredient (C) to the total component amounts other than water prepare more 
than 10 mass% of secondary sizing compound, The fiber reinforcement composite obtained by 
remarkable hard convergence being looked at by the acquired chopped carbon fiber bundle in 
the comparative example 6 which performed secondary size processing had the remarkably 
low rate of bending flexibility, and tension breaking strength and its bending strength were also 
low, and its kinetic property was poor. 

After making coating weight of the primary sizing compound into more than 2.0 mass % and 
performing secondary size processing, in the comparative example 7 which cut after making it 
dry, the fiber bundle became section approximate circle shape after desiccation, and cutting of 
the carbon fiber bundle was not completed. 
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[0054] 

[Effect of the Invention] 

As explained in full detail above, according to this invention, the nneans which can acquire the 
chopped carbon fiber bundle which was excellent in shape stability, was excellent in the 
handling nature at the time of fiber reinforcement composite manufacture, and was excellent in 
economical efficiency can be provided. Especially, eyes are preferred for this invention to the 
****** carbon fiber bundle of more than 1.5 g/m, and it can realize stabilization of the 
manufacturing process, and quality improvement. 



[Translation done,] 
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